Conjugated acid derivatives containing nitrogen have been synthesized from the simple acyclic monoterpene citral, using various reactions, including Wittig, Baylis Hillman, amide and ester condensations. Similarly, amine peroxides were synthesized by subjecting citral to Mannich type reaction with amines and tbutyl hydroperoxide. Molecules 3-10 were evaluated for antimalarial activity against erythrocytic stages of chloroquine sensitive P. falciparum strain 3D7. Four derivatives displayed interesting activity with an IC 50 < 2.5 µM, and warrant further investigations.
Malaria is prevalent throughout most of the tropical world, producing a situation in which 40% of the world's population is at risk for acquiring this disease. Malarial infections in humans are caused by four species of the genus Plasmodium. P. falciparum, P. malariae, P. vivax, and P. ovale are associated with different clinical presentations, progression, prevalence, and antimalarial resistance patterns. P. falciparum infection results in the highest morbidity and mortality, accounting for over 1 million deaths caused by malaria annually [1] . The dangerously improved immunological status of various parasites against conventional drugs necessitates the development of new drugs for the chemotherapy of malaria.
The presence of the terpene moiety in both aplasmomycin and artemisinin led us to study the structure anti-malarial activity relationship of monoterpenic fragment analogs of aplasmomycin derived from a monoterpene aldehyde, citral [2] . Citral (3,7-dimethyl-2,6-octadienal) has several medicinal uses, including antibacterial [3, 4] , antifungal [5], antitumor [6] , insect pheromone [7] and muscle relaxant [8] activities. In the present report we describe the synthesis and antimalarial activity evaluation of the nitrogen containing derivatives of conjugated acid and amine peroxides synthesized from the simple and abundantly available acyclic monoterpene citral. Some of these molecules inhibited the growth of P. falciparum in a dose dependent manner.
Compound 2 was synthesized from citral (1) through either malonic acid condensation or Wittig reaction, as described earlier [2]. The esters 3, 4 and 5 were prepared by in situ conversion of acid 2 by conversion to acid chloride (by the treatment with POCl 3 ), followed by condensation with the respective hydroxyl compounds (Scheme 1). The amides 6 and 7 were obtained similarly from acid 2 by conversion to acid chloride, followed by reaction with the respective amine (Scheme 1). Compound 8 was obtained by Baylis Hillman reaction of citral with acrylonitrile in the presence of DABCO [9] . The peroxy-amines 9 and 10 were obtained by Mannich type reaction [10] of citral imine, generated in situ, with t-butyl peroxide (Scheme 2). The formation of the products 2-10 was supported by spectral (IR, NMR and MS) and elemental analyses. Molecules 2-10 were evaluated for antimalarial activity against erythrocytic stages of chloroquine sensitive P. falciparum strain 3D7, which was continuously cultured and maintained as a stock in 50 mm Petri dishes on human O + red blood cells by the candle-jar method at 37 ºC [11] . The antimalarial activity results are given in Table 1 . Compound 8, obtained from Baylis-Hillman reaction of citral with acrylonitrile, showed the most potent anti-malarial activity among the derivatives tested (IC 50 0.5 µg/mL). Amine peroxides 9 and 10 displayed IC 50 values of 2.3 and 2.2 µg/mL respectively, and N,Ndiethylpropyl-amide 6 and dimethylaminoethyl ester 4 had values of 3.6 and 4.8 µg/mL respectively.
In conclusion, eight nitrogen containing derivatives of the monoterpene citral were synthesized. These conjugated acid derivatives were synthesized using various reactions, including Wittig, Baylis Hillman, amide and ester condensations. Similarly, amine peroxides were synthesized by subjecting citral to Mannich type reaction via imines and subsequent addition of t-butyl hydroperoxide. Molecules 2-10 were evaluated for antimalarial activity against erythrocytic stages of chloroquine sensitive P. falciparum strain 3D7. Four derivatives displayed interesting antimalarial activity and warrant further evaluation. 
General procedure for the synthesis of esters 3, 4 and 5 from 5,9dimethyl-deca-2,4,8-trienoic acid (2):
In a dry 3 necked flask equipped with condenser, dropping funnel and CaCl 2 guard tube, acid 2 (1.0 g, 5.15 mmol) in DCM (20 mL) was added under N 2 atmosphere. POCl 3 in DCM (0.6 mL in 10 mL) was added with cooling at 0 ºC and the reaction mixture was stirred for 1/2 h; excess reagent was removed in vacuum. To this residue was then added NEt 3 (0.30 mL) and hydroxyl compound (6.15 mmol) in DCM (20 mL). The reaction mixture was stirred at RT for 5 h and was monitored by TLC. The usual workup by addition of ice cold water, extraction with DCM, washing with aqueous NaHCO 3 , drying of DCM layer over anhydrous Na 2 SO 4 and the removal of the solvent and purification of the residue by CC over silica gel using light petroleum/EtOAc gave esters 3 (1.2 g, 88%),4 (1.13 g, 83%), and 5 (1.15 g, 60%). 
Pyridin

Synthesis of amides 6 and 7:
In a dry 3-necked flask equipped with condenser, dropping funnel and CaCl 2 guard tube was added acid 2 (1.0 g, 5.15 mmol) in DCM, under an inert atmosphere and the reaction mixture was cooled to 0 ºC and POCl 3 (0.6 mL) in DCM (10 mL) was added. The reaction mixture was stirred for ½ h and the excess of reagent was removed under vacuum. To this residue, DCM (10 mL), NEt 3 (0.30 mL) and 3-N',N'-diethylaminopropylamine (0.8 g, 6.15 mmol) were added. The reaction mixture was stirred for 5 h and was monitored by TLC. The reaction mixture was diluted with DCM, washed with NaHCO 3 , and the DCM layer dried over anhyd. Na 2 SO 4 . Removal of the solvent and purification of the residue by CC over neutral alumina using light petroleum/ ethyl acetate as eluent gave amide 6 (1.48 g, 94%). Amide 7 was similarly synthesized (yield 1.26 g, 79.9%). -deca-2,4,8-trien-N-[3'-(N',N'- (8) : A mixture of citral (0.912 g, 6 mmol), acrylonitrile (2 mL) and DABCO (0.5 wteqv) was stirred at RT for 4 d and the Preparation and antimalarial activity of citral derivatives Natural Product Communications Vol. 9 (3) 2014 301 reaction mixture was diluted with diethyl ether (20 mL), washed with 1N HCl (5 mL) and water. The organic layer was dried over anhydrous Na 2 SO 4 , the solvent evaporated, and the residue purified by silica gel CC, eluting with EtOAc-n-hexane (2:8) provided the Baylis−Hillman adduct 8 (0.83 g, 68%). IR (Neat): 3450, 3000, 2940, 2227, 1550 cm -1 . 1 Anal. Calc for C 13 H 19 NO : C, 76.06; H, 9.33 ; N, 6.82. Found C,76.29; H, 9.08; N, 6.63 2,2'-{1-(t-butylperoxy)-3,7-dimethyl-octa-2,6 -dienyl-amino}-diethanol (9) :To a solution of diethanol-amine (5.0 g, 0.047 moles) in methanol (15.0 mL), citral (1) (8.7 g, 0.05 mol) was added drop wise at RT and stirred for 3 h. The reaction mixture was cooled to 0°C and then t-butyl hydroperoxide (TBHP, 70%, 4.285 g) was added drop wise. The reaction mixture was stirred at 0°C for a further 4 h, diluted with water and extracted with diethyl ether (3×30.0 mL). All the organic layers were combined and washed with water and brine, and dried over anhydrous Na 2 SO 4 . The solvent was recovered to obtain crude product (6.0 g), which was purified by CC over neutral alumina and elution with n-hexane and ethyl acetate (1:1) gave the amine peroxide 9 (2.70 g, 14.3%). IR (neat): 3371, 2977, 1655, 1435, 1382, 1116, 859, 666 cm -1 . (10) : To a solution of morpholine (5.0 g, 0.05 mol) in methanol (10.0 mL), citral (8.7 g, 0.05 mol) was added drop wise at RT and stirred for 14 h. The reaction mixture was cooled to 0°C and then TBHP (70%, 5.17 g) was added drop wise. The reaction mixture was stirred at 0°C for 4 h, then diluted with water, and extracted with diethyl ether (3×30.0 mL). All the organic layers were combined and washed with water and brine, and dried over anhydrous Na 2 SO 4 . The solvent was recovered to obtain crude product, which was purified by CC on neutral alumina and elution with n-hexane and ethyl acetate (1:1) gave peroxyamine 10 (3.25 g, 17.9%) IR (neat): 3418, 2965, 2918, 1678, 1435, 1382, 1116, 859 cm -1 .
5,9-Dimethyl
Synthesis of 3-hydroxy-5,9-dimethyl-2-methylene-deca-4,8dienenitrile
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Synthesis of N-{1-(t-butyl-peroxy)-3,7-dimethyl-octa-2,6-dienyl}morpholine
